The continuous advance of the agricultural border in the Amazon has been worrying the scientific community due to the possible environmental impacts caused by this change in land use. The present work evaluated the behavior of the radiation balance components over the soybean crop (Glycine Max (L.) Merryl) in an Amazon area of continuous advance of the agricultural border. The radiation components were continuously monitored during the soybean cycle in 2006 and 2007 in an area of 200 ha. The soybean cultivation in the Amazon presented an abrupt change in the radiation balance components, with the consequent reduction in the energy available to the environment due to the increase in the surface reflection. There was a significant contribution of the diffuse radiation component in the soybean interception during cloudy conditions, even under incomplete canopy covering. Moreover, after the canopy closure, a similar interaction between soybean and solar radiation occurs, regardless of the cloud condition.
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Introduction
For several years, the Amazon was the scene for various studies on land use on socioeconomic (SOARES-FILHO et al., 2005) , hydrological (COHEN et al., 2007) and climate impacts (COSTA; YANAGI, 2006) . Some results demonstrated that the rainforest replacement by pasture causes serious impacts, such as increase in air temperature (COSTA; YANAGI, 2006) , increase in surface albedo (RANDOW et al., 2004) and reduced evapotranspiration (COHEN et al., 2007) . However, most of these works consider that the land use change was only for pasture planting.
Due to the expansion of the agricultural frontier in this region, another approach has become more popular and has worried the community because of the environmental changes resulting from the advance of soybean monoculture in this region (DANTAS; FONTELES, 2005) . The rapid expansion of soybean cultivation in Brazil was a result of the Brazilian government support and the favorable soil and weather conditions (FEARNSIDE, 2001 ). In the Amazon region, this activity has increased slowly and it began to rise due to the favorable conditions for the expansion of the soybean cultivation, taking advantage of transition areas of savanna-forest or of available cleared or degraded land (DANTAS; FONTELES, 2005) .
Deforestation with pasture production purposes causes a change from 12.9% to 18.4% in the surface albedo, respectively (RANDOW et al., 2004) . The same authors found albedo values of 13 and 20%, for forest and pasture, respectively, for the southwest of the Amazon.
However, the replacement of forest cover by soybean and the reuse of pasture areas for the soybean planting causes more significant changes due to the crop physiology and the change in architecture that soybean presents over the cycle (SOUZA et al., 2008) . The interception of radiation by the crop changes the partition of the canopy evapotranspiration, affecting the local microclimate created by the crop (SAUER et al., 2007) .
Results of Costa et al. (2007) show that the replacement of the Amazon rain forest by soybean cultivation causes greater reduction in rainfall in this region when compared to land use for farming, due to the high albedo of soybean. Souza et al. (2008) observed a mean relative increase in albedo of 93% for the whole soybean cycle, due to this new model of land use change, which can greatly contribute to the reduction in net radiation. Furthermore, the efficiency with which the solar radiation is intercepted by the culture and how this energy interacts with the vegetation are determinants for agricultural productivity (CAVIGLIA et al., 2004) . Results obtained by Souza et al. (2009) show that the soybean crop in the Amazon has high radiation use efficiency due to the enormous amount of diffuse radiation in the region. Therefore, it is very important to evaluate and study the irradiative behavior in this new type of Amazon ecosystem, since such information will enable a better understanding of how local/regional climate may be affected by the advance of soybean plantations in the Amazon and how these interactions can influence the soybean productivity. The objective of this study is to quantify the components of the radiation balance in an area of advance of agricultural frontier in the Amazon.
Materials and methods
Experimental site
The experiment was conducted in Paragominas city, Pará State, Brazil. The choice of this city for the study was due to the fact that this region has suffered a great expansion of soybean cultivation in recent years. 
Radiation balance measurements
The incident short wave radiation (Q g ) was monitored using a pyranometer CMP3 (Kipp & Zonen, Campbell Scientific) , and the reflected component of the solar radiation (Q r ) was measured using an inverted pyranometer. The sensor was installed at the height of 2.5 meters.
The short wave radiation transmitted to the ground (Q trans ) was measured continuously by a line pyranometer (TSL, Delta-T Devices Ltd.) which was installed at the soil surface diagonally across the rows, as suggested by Albrizio and Steduto (2005) . Thus, the radiation intercepted by the crop cover becomes more representative of the daily range than if performed punctually near the solar noon, although this method is also acceptable (EARL, DAVIS, 2005) . The sensor was moved weekly around the tower to ensure randomness and avoid bias in the intercepted radiation data.
The net radiation (R net ) was continuously monitored by a net radiometer (NR-Lite, Campbell Scientific). The long wave net radiation (L net ) was obtained as a residue form the surface radiation balance equation:
(1) Both the transmissivitity (τ) and reflectivity -albedo (α) coefficients were obtained by the ratios of transmitted (Q trans ) and reflected (Q r ) short wave radiation with the incident short wave radiation (Q g ), respectively:
(2) (3)
Soybean development and growth analysis
The phenological development was observed daily, according to Fehr and Caviness (1977) in a completely randomized experiment. Leaf area index was used in the analyses and it was estimated through the disc method (BENINCASA, 2003) . Table 1 shows the water availability and mean air temperature during each soybean crop stages in both experiments. It was verified a reduction in total rainfall in 2007, which was responsible for the leaf area reduction observed, when compared to 2006 (SOUZA et al., 2008) . This reduction in total rain Despite the occurrence of the rainy conditions during 2006 cycle, the mean air temperature was always above the one observed in 2007. Results from Dias et al. (2009) , showed that the environmental condition in which the culture is exposed was a major factor in both the adaptation and the potentiality of soybean cultivation in the State of Ceará.
Results and discussions a) Meteorological conditions during the soybean experiment
The probable cause for the discrepancy in temperature between both soybean cycles may be associated with the occurrence of lower minimum temperatures in 2007 in response to lower cloudiness and higher long wave lost observed in this year, which may have contributed to a lower daily average. Another important reason and perhaps the most likely, is that the 2007 experiment was conducted 12 kilometers away from the 2006 site, where there is a river with riparian forest about 2 km from the site, in the quadrant of the predominant wind, causing a reduction of about 1.5 °C on the observed temperature in 2007. 
b) Short wave net radiation
Partly cloudy days
Incident global radiation
Throughout the experiment, the sky was partly cloudy or completely overcast, with no observed clear sky conditions because of the cycle coincidence with the rainfall season of the region. In the 2006 experiment, under partly cloudy sky conditions, the global radiation showed peaks between 910 and 1050 W m -2 throughout the crop cycle (FIG. 1) .
Although there is less rain and less cloud cover in 2007, during partly cloudy days, the global radiation showed a pattern similar to that observed in 2006, with peaks ranging from 920 to 1170 W m -2 throughout the cycle (FIG. 1) . However, the reduction in the amount of rainfall influenced the leaf development, altering the transmission of radiation through the canopy.
Intercepted global radiation
It was noticed a considerable change in the radiation that reaches the ground with the crop development (FIG. 2) . With increasing vegetation cover, the fraction of radiation that reached the ground decreased to 18.5% during flowering (LAI = 5.59), remaining below 10% by the end of the grain filling stage, when the LAI had reached its maximum value and began a gradual reduction (LAI = 6.9). Sauer et al. (2007) observed a maximum global transmission of radiation to the ground of only 12% for the soybean grown in the United States, when the surface was completely covered (LAI > 4.9), during clear sky conditions.
Only during the maturation stage, it was observed an increase in the fraction of radiation that reaches the ground (65.4%), although the value was lower than that of the early growing season, even with LAI close to zero. This feature is attributed to the difference in the radiation interception observed between the young and smaller plant with green leaves and the larger crop that begins to lose leaves until presenting only senescent material (SAUER et al., 2007) . the crop in that year. From the fructification to the full pod stage, the soybean continued intercepting only between 82 and 86% of global radiation, different from the 2006, when there was an interception up to 90% during the grain filling. Despite the difference caused by water restriction, during maturation, the behavior was similar in both years, with 60.6% of radiation reaching the ground.
Reflected global radiation
The reflected radiation by the culture showed a significant variation over the cycle, such as the radiation transmitted to the ground, depending directly on the land cover development (FIG. 3) . The soybean albedo ranged from 16% during the vegetative phase to 22% when the canopy was completely closed under partly cloudy conditions.
The reflected radiation did not present much difference from the behavior found in 2006, even with the reduction in rainfall in 2007. However, due to the reduction in the leaf area in this year, albedo remained higher during the full pod stage (R6), due to an early exposure of the soil, which contributed to the higher reflection (17.9% in 2006 and 22.1% in 2007) because it was drier. According to Dalmolin et al. (2005) , the higher the moisture content in the soil the smaller the surface reflection, once the soil becomes darker.
Cloudy days
Incident global radiation
In 2006, during cloudy days, the incident radiation showed greater variability throughout the day, ranging from 400 to 800 W m -2 , which represented a reduction of 57% in the daily mean value observed in less cloudy days during the same year (FIG. 4) .
As a result of the less rainy experiment in 2007, when compared to the 2006 experiment, it is noticed that the daily cycle of global radiation presented less variation, even on cloudy days. The maximum instantaneous values ranged between 600 and 800 W m -2 , and because of major symmetry in the daily curve, the daily mean values were above those found in 2006 under the same cloud cover conditions (TAB. 2). 
Intercepted global radiation
Although there was less incident radiation on the culture during cloudy days, less irradiance was transmitted to the ground during the vegetative stage in 2006 (72%). During the same stage, under partly cloudy days, this fraction was 92% even with a very small difference in From flowering to grain filling stage, the fraction of radiation that reaches the soil has showed similar variation to partly cloudy days, with a slightly decrease from 19.9 to 9.27%. During these stages, the LAI was always above P. J. O. P. Souza et al. 5, which suggests that, under closed canopy conditions, the soybean shows the same behavior in intercepting the radiation, regardless of the degree of cloudiness. At maturation, the fraction of radiation that reaches the soil increased to 60.7%, which was slightly lower than that observed during the same stage under partially cloudy days (65%), as a consequence of the greater degree of diffuse radiation.
Despite the lower degree of cloudiness in 2007, which means less diffuse radiation, compared to the 2006 experiment, under cloudy days, there was a similar characteristic in the interaction of soybean with solar radiation between the years, under incomplete canopy cover conditions, in comparison to less cloudy conditions. During the vegetative stage, about 66% of the radiation had reached the ground, while this fraction was 74% under partly cloudy days, an important reduction also observed in 2006.
In 2007, however, especially during the periods when the canopy was expected to be complete (R1 to R5), the reduction in the leaf area caused by the decrease in water availability modified the interaction between the radiation and the crop. During these stages, it was observed a behavior similar to that of 2006, but slightly different from that under incomplete coverage.
In both years, during cloudy days, less radiation reached the ground due to the penetration of more diffuse radiation, but in 2007, soybean intercepted less radiation at higher LAI, under partly cloudy conditions, unlike 2006, when the crop presented similar characteristic in radiation interception, regardless of the degree of cloudiness.
Reflected global radiation
On cloudy days, the fraction of radiation reflected by the crop was higher during flowering and grain filling stage (LAI > 5), when compared to partly cloudy days. During the vegetative, full pod and maturation stages, when the crop coverage was incomplete, albedo was lower than under partially cloudy days (FIG. 6) . Results from Fontana et al. (1991) , obtained for soybeans in Rio Grande do Sul (LAI > 7), demonstrated an increase in the surface albedo from 24 to 27% under partly cloudy to cloudy conditions, respectively.
Again, it is noticed the importance of canopy closure on the interaction between the culture and the solar radiation, once during cloudy days, besides the intensity reduction in the incident radiation, it is also observed a shift in its quality, which contribute to a different reflection of some crop surfaces, according to the spectrum of the incident radiation (BLAD; BACKER, 1972) . On cloudy days, the soybean presented albedo ranging from 14.4% during the vegetative stage to 23.9% during the grain filling, in both years. 
Partly cloudy days
The canopy cover influenced directly the longwave net radiation (FIG. 7) . In both years, the long-wave balance presented similar variation throughout the day during incomplete canopy closure. It was noticed the occurrence of instantaneous peak near 150 W m -2 around midday local time as a result of the surface temperature effect on the radiation emission.
At night, the long wave net radiation ranged around 25 and 30 W m -2 , independent of the culture development. The predominance of negative values in the long wave balance suggests a loss from the surface always higher than the atmospheric radiation, depending, in this case, on the changes in the canopy cover such as those found by Fontana et al. (1991) .
After canopy closure, there is a reduction in the long wave balance due to the decrease in the irradiative surface loss. As the leaf area increases and the soil become less exposed, there is an increase in energy consumed by evapotranspiration, which contributes to a reduction in surface temperature influencing directly the long wave emission (SOUZA et al., 2007) . Another fact is that, as the leaf area increases, there is an increase in the reflected radiation, which reduces the amount of available short-wave radiation (SOUZA et al., 2010) . Results from Sauer et al. (2007) showed that even on a clear day with little atmospheric radiation, the longwave net radiation above the soybean canopy was always below 100 W m -2 , under maximum canopy cover.
However, during the 2007 experiment, it was not observed the same effect of the canopy cover on the long wave net radiation. Despite its lower leaf area, during periods of full canopy closure, the crop behavior in 2007 was similar to that observed during periods of incomplete coverage, with instantaneous peaks of the same magnitude (150 W m -2 ). This behavior can be associated both to a leaf area reduction and to a water restriction that occurred in this year, which may have affected the soybean emission of long waves.
Cloudy days
During cloudy days, the long wave net radiation showed the same behavior observed under partly cloudy condition, although with lower magnitude (FIG. 8) . This fact is due to the expected increase in atmospheric radiation that has contributed to a mean reduction of 17.7% and 31.8% on daily mean long wave balance over 2006 and 2007 cycle, respectively. P. J. O. P. Souza et al. During incomplete canopy closure, the daily cycle of the long wave net radiation was similar over both soybean cycles. Under full canopy closure, there was a slight reduction in the instantaneous values of the long-wave net radiation, especially under good water availability conditions (2006). However, this small difference observed up to the maturation suggests that, on cloudy days, the effect of the atmospheric radiation plays an important role in controlling the long wave net radiation over the crop cycle, which attributes to the canopy development a secondary importance in this control. Fontana et al. (1991) observed a reduction in longwave net radiation, from -4.3 MJ m -2 day -1 during partially cloudy days to -1.8 MJ m -2 day -1 during cloudy days under maximum soybean coverage periods (LAI between 7.2 and 7.5). This corroborates the importance of cloud cover on the control of the long wave net radiation over the ecosystem, regardless of the vegetation cover.
The main issue related to the land use for soybean monoculture in the Amazon region is that there is a constant change in albedo and in the loss of long wave over the cycle, in opposition to that observed in other land use models in the region. As a result of this soybean behavior, it is expected a much bigger impact on the exchange processes between the surface and the atmosphere during a single season of the year, due to the probable reduction on the net radiation.
The mean values found for the long-wave net radiation over the soybean cycle ranged from -2.9 to -5.2 MJ m -2 day -1 . The albedo varied between 0.16 and 0.24, which resulted in a mean net radiation between 9.8 and 12 MJ m -2 day -1 depending on the phenological stage. The albedo observed during the same season in other land use models in the Amazon ranged from 0.15 to 0.198 for rice crops (SAKAI et al., 2004) , from 0.176 to 0.185 for cassava crops (GIAMBELLUCA et al., 1997 ) and 0.20 to 0.22 for pastures (RANDOW et al., 2004) . The mean long wave net radiation commonly found for pasture in the Amazon during the soybean growing season ranged from -2.25 and 4.23 MJ m -2 day -1 (RANDOW et al., 2004) .
Conclusions
1. The continuous increase in the reflection and in the emission of long wave by the surface causes a reduction on the available energy throughout the soybean cycle;
2. On cloudy days, the effect of the long wave surface emission becomes less important on the control of
